ResearchGate 


See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/346360124 


A Novel Approach to the Implementation of Cloud-Based Quantum 
Programming Platforms in VR Environment 


Article - November 2020 


DOI: 10.1109/ASYU50717.2020.9259850 


CITATION READS 
1 1,054 
3 authors: 
g Hasan Hakan Genç È Serkan Aydin 
: 18 PUBLICATIONS 21 CITATIONS Marmara University 
27 PUBLICATIONS 41 CITATIONS 
SEE PROFILE 


SEE PROFILE 


Hasan Erdal 
Marmara University 
49 PUBLICATIONS 249 CITATIONS 


SEE PROFILE 


All content following this page was uploaded by Hasan Hakan Genç on 08 October 2021. 


The user has requested enhancement of the downloaded file. 


A Novel Approach to the Implementation of 
Cloud-Based Quantum Programming Platforms in 
VR Environment 


1* H.Hakan Genç 24 Serkan Aydin 3" Hasan Erdal 
Department of Electrical and Department of Electronics and Department of Electrical and 
Electronics Engineering Automation Electronics Engineering 


Marmara University, Institute of Pure 
and Applied Sciences, 
Istanbul, Turkey 
hasan. hakan@marun.edu.tr 


Abstract— Quantum computers are becoming more and 
more powerful and practical each day with the perfection of the 
coherence time of superposition states and in terms of fidelity, 
error correction, power dissipation, and noise. Quantum 
computers have been used successfully in the solution of 
non-deterministic polynomial-time problems for a while. Using 
quantum algorithms to find ways to speed up the computing of 
some hard problems reveals a concept called quantum 
supremacy. With the improvement of quantum computers and 
a decrease in error rates, companies that develop quantum 
computers have offered cloud-based platforms to make their 
computers publicly available and to be programmed via the 
web. The cloud programming approach likewise influenced the 
programming of quantum computers. Here, we present that it is 
possible to use these platforms with VR sets, which are now 
becoming widespread in the field of education, and we try to 
introduce which tools are used in quantum cloud programming. 


Keywords— Quantum computer, quantum composer, 
quantum circuit, cloud-based software, virtual reality browsers, 
VR headsets 


I. INTRODUCTION 


The limited conditions at the core frequency speeds of 
classical computers and the fact that the number of transistors 
could not be increased further accelerated the design of 
practicable quantum computer studies. From the times when 
quantum computers were discussed within the concept of 
imprecision and decoherence problems (1, 2), significant 
progress has been made in quantum computers and hence in 
quantum computing. In the solution of deterministic 
polynomial-time (P) or non-deterministic polynomial-time 
(NP) problems, logarithmic complexity (3) problems faced by 
classical computers and alternative algorithm development 
processes have been discussed for a long time. 


Although the complexity of algorithms can now be 
overcome due to the high processing power, memory space 
capacity, and high accuracy that deterministic classical 
computers have reached today, because of maximum rates of 
clock frequencies have already been reached much earlier than 
Kanamori et. al (4) said various quantum algorithms presented 
by researchers, such as Grover (5) and Shor (6) for very 
complex processes show that much faster results can be 
obtained with quantum computers (4). 


Recently, it was not possible to simulate RSA encryption 
algorithms that require high bits with quantum algorithms. 
Today it is possible to use real quantum computers to run 
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quantum algorithms. As mentioned by Harrow and Montanaro 
(7), if there was a large-scale quantum computer that could 
run Shor’s algorithm, it would be implemented to factor a 
2048-bit RSA key at the point of proving quantum supremacy 
over a classical computer. 


In 1994, Shor's algorithm, which was developed on the 
application of prime factorization in a quantum computer, was 
used successfully in a real 7-qubit quantum computer 
designed by IBM for the first time to find the prime factors of 
number 15 (8). Until then, quantum programming algorithms, 
which were carried out mostly by simulation with classical 
computers, started to be implemented with real quantum 
computers. 


As stated by Deutsch and Roza (9), quantum computation 
has the power of solving the problem with certainty in 
exponentially less time than any classical deterministic 
computation. Quantum computers, which are a kind of 
stochastic computer (i.e one containing a real hardware 
random number generator), don’t need a function that the 
output of which is determined by the inputs. 


All the logical process of quantum computer design is 
based on the realization of exponentially shorter time solution 
of polynomial-time algorithms by using of probabilistic power 
of quantum computers. To solve a particular problem, a 
computer follows a precise set of instructions called an 
algorithm (10). It has been proved that a quantum algorithm 
for factoring a large integer with big-O(log n) is exponentially 
faster than an algorithm used by classical computers (4). 


Quantum computing exploits quantum mechanical effects 
such as superposition, entanglement, and quantum tunneling 
to more efficiently execute a computation. Compared to 
traditional, digital computing, quantum computing also offers 
a crucial advantage in terms of time and energy consumption 


(11). 


Today, companies such as D-Wave and IBM have adapted 
the evolving cloud programming infrastructure to program the 
quantum computers that they open to the users for 
experimental use over the internet. In an environment where 
VR technologies offer new opportunities in education (12, 13, 
14, 15, 16, 17, 18, 19), an application model can be developed 
that will enable the use of cloud-based quantum programming 
platforms with a more immersive effect. 


In this paper, we present to the user an example of the use 
of a quantum computing tool called Qiskit that can also appear 
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as a Python library rather than detailed descriptions of the 
quantum computing programming model. Qiskit allows users 
to write and run programs on either IBM’s quantum 
processors or a local simulator, without the use of the 
graphical interface (11). It is also presented in this paper that 
how to use a VR based education portal in cloud quantum 
programming. 


We will try to introduce the principles of quantum 
programming, which are quite different from classical 
programming. However, various studies on the programming 
of quantum computers have been continuing to make coding 
of quantum programming more readable and user-friend, as 
classical computer programming languages have (20). 


The question of how quantum microchips and quantum 
gates are designed is not the subject of this review and it 
focuses more on the practical programming of quantum 
computers and how to interpret their output. Interested 
researchers can refer to (21) for a technical survey. 


IJ. RELATED WORKS 


A. Brief Info on Quantum Theory and Programming 


There are some basic concepts and terminology used in 
quantum programming. 


Quantum computer: It is a computer technology 
developed on the basic principles of quantum theory, which 
tries to explain matter and energy at the atomic and subatomic 
levels, and has a different working principle than deterministic 
computer technology. While these computers operate; they 
use quantum phenomena such as quantum bits (qubit), 
superposition and entanglement theory. In this way, quantum 
computers can easily perform demanding operations that 
ordinary computers cannot perform alone. 


Fig. 1. An IBM Quantum computer based on superconducting qubits 


Qubit: “Quantum Bit” is a two-dimensional complex 
vector represented in a complex vector space called Hilbert 
space, which has a finite or infinite number of dimensions. 


ly) =a|0) + bj1) 
Here, a and b are complex vectors and |a}? + |b}? = 1. In the 
ket-notation or the Dirac notation, 


0 1 
11) = [| and 10) = [5 | 
Unlike a classical bit, the state of a qubit cannot be 
measured without changing it. Measuring a qubit will yield the 
classical value of either zero (|0)) with probability |a|? or one 
(|1)) with probability |b|?. Otherwise, it is in the superposition 
of 0 and 1. 


A quantum computer with n qubit can be arbitrarily up to 
2" states. A classic computer can only be found in only one of 
the 2" states at that time. Another convenient representation of 
a single qubit is a 3D trigonometric representation called 
Bloch Sphere as shown in Fig.2. 


Qubit 


Basic unit of 
quantum information 


-ż= |1 
Fig. 2. Basic unit of quantum information 
ly) = cos(5)10) + sine’9|1) 
If 0 = 7/2 and 6 = 7/2, 
1 
cos 6 = sin 6 = Nz 


eff = jed =) 


So, a qubit representation in Y direction, | y) = PrE is 
obtained. 
If 0 = 7/2 and ọ¢ = 0, 
T T 1 
cos (3) = sin (3) = Fa 
e’ = 1,(e/" = —1) 
A qubit representation in X direction, |y) = _ is 


obtained. 


Quantum computing: The use of quantum-mechanical 
phenomena such as superposition and entanglement performs 
the computation process. It deals with the manipulation of 
quantum systems basically. It refers to quantum algorithms 
that have been studied theoretically or with simulators, mostly 
by a small dedicated community especially during the 90s 
until the actual physical quantum computers were designed 
(11). Quantum computing is now carried out with real 
quantum computers. 


Quantum algorithms: Such as computer algorithms used 
to analyze the complexity of a function or set of statements, 
quantum algorithms corresponds to any general method for 
simulating quantum mechanics with at most a polynomial 
slowdown. Most popular quantum algorithms are Grover’s 
algorithm, Deutsch-Jozsa algorithm, and Shor’s algorithm. 


Hermitian matrix: This is a generic name given to 
matrices that the transpose of its complex conjugate is equal 
to itself. They are measurable matrices and their values are 
called expected values. Assuming that L is an observable 
value for a given Hilbert space state, the expected value of L 
is found as follows: 


(L) = (WL|y) 


Quantum entanglement: Entanglement is a physical 
phenomenon that usually occurs by direct interaction between 
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subatomic particles. It has been observed that measurements 
of physical properties such as position, momentum, rotation, 
polarization performed on particles in circulation are related. 
For example, consider a pair of particles produced in such a 
way that their total rotation is known to be zero. If it is 
determined that one of the particles rotates clockwise along a 
certain axis, it will be determined that the other particle rotates 
counterclockwise as expected due to entanglement between 
them. 


Quantum gates: Similar to a classical computer, a 
quantum computer has universal gates, which implement any 
logical quantum computation. It is possible to compose any 
multiple qubit logic gates using a two-qubit controlled-NOT 
gate and single-qubit gates (4). 


Quantum computer gates are mostly mathematically 
represented by using vectors and matrices. A qubit has both 
bits and signs data. Bit flip, sign shift, both bit-flip, and sign 
shift operations are made with Pauli-X, Pauli-Z, and Pauli-Y 
(combined effect of X and Z gates) gates respectively. Matrix 
formation of these gates and IBM quantum composer 
representations are shown as following: 


Pauli-X gate = h a] is represented with ES 


0 -j 
Pauli-Y gate = i F | is represented with Ei 


Pauli-Z gate = F N is represented with A 


0 


One qubit can be flipped with 2 x 2 unitary matrix X gate 
as follows: 


_ sO 1770) _ sOx0+1x17 _ 1] 
My = l= otal 
As seen, |1) qubit state is flipped to |0) state by X gate. 


The Hadamard gate ( [H] ) rotates |0) and |1) 
states to | +) and | —) respectively. It is used to convert 
qubits to superposition state. 


-ïl 1 
Hadamard gate = Z | 1- l 


For example, if we do the Hadamard operation on qubit |0} 
state, superposition state is obtained as follows: 


Mo-i o-an al-al 


: [1] + ; [°] = Lyr j 
v2tor 2'1 v2 v2 
Equivalently, it is the combination of two rotations, 6 = 7 


about the Z-axis followed by @ = 7/2 about the Y-axis as 
shown in Fig. 3. 


Fig. 3. Hadamard transformation 


B. —Brief Info on Cloud-Programming Platforms 


Cloud programming is a product of cloud computing 
describing data centers available to many users over the 
internet (22). Most programming platform designers are 
moving their products to the cloud computing network that 
can be used over the internet. IBM offers to users a drag and 
drop web-based programming environment called quantum 
composer. You can access by visiting the IBM Quantum 
Experience website (https://quantum-computing.ibm.com/). 
There are quantum gates used by drag and drop technique. A 
detailed manual is presented in  https://quantum- 
computing. ibm.com/docs/start-igx/drag-drop/first-circ web 
site. 


IBM also provides an open-source cloud programming 
framework called Qiskit. It is an open-source framework to 
program quantum computers. No installation is required and 
only you run code on real quantum hardware backends or 
quantum simulators. Qiskit can be viewed as a Python library 
supported by jupyter notebook for quantum circuit execution 
and you can access it from = /Attps://quantum- 
computing.ibm.com/jupyter website. 


A quantum circuit is started by making the qubits ready at 
a well-defined phase. At this point, all qubits are configured 
as |0) for users by IBM Quantum Composer. 


After a user account is created, there are two alternative 
design platforms, one is “Circuit Composer” and another is 
“Qiskit Notebooks” as shown in Fig. 4. 


X Dashboard 


esults 


Ç Circuit Composer 


= Qiskit Notebooks 


Fig. 4. Quantum computer programming tool preference menu. 


If you choose Circuit Composer a blank composer editor 
screen comes. In Fig. 5, a sample study on the “Quantum 
Approximate Optimization Algorithm” is shown. You can 
select the quantum gates from the menu and drag the selected 
gate onto the related qubit line (staff). Quantum gates are 
represented as square boxes in different colors and symbols. 
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These run a frequency for different times, amplitudes, and 
phases. 


Fig. 5. An IBM Quantum Experience study (11) 


When you move and click mouse icon onto related gate 
symbol in the circuit composer, the edit option appears as 
shown in Fig. 6. After clicking the pencil icon editing interface 
appears and you can arrange connections of gate. 


Circuit composer Circuit composer 
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Fig. 6. Editing process on circuit composer 


After you finish your design, you run the program with the 
RUN command. After a while, you will receive a result report 
in the form of a histogram table as shown in Fig. 7. 
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Fig. 7. Histogram output of the design 


Histogram table shows the probability distribution of each 
measured qubit. As seen in the figure, all q[0] qubits in each 
distribution are 0. Because measurements are taken from 
qubits 1, 2, 3, and 4. The weighted qubit states obtained show 
the expected values. Others are measurement errors caused by 
various factors. “Time taken” shows the total process time of 
the job. Whether the processes performed are suitable for 
quantum calculation performance measurements can be 
evaluated according to the standards found in the IEEE SA 
Board of Governors project number P7131 with expiry date of 
31 Dec 2022. 


Quantum composer platform also has a code editor called 
OpenQASM. Optionally, you can do programming by using 


square brackets notation of qubits and gates instead of 
symbols using this editor. 


Another cloud-based quantum computer programming 
platform is Qiskit Notebook. If you want, you can program 
IBM quantum computers with jupyter notebook without any 
installation, cloud-based, or by installing anaconda package 
on your computer. 


Qiskit notebook is supported by Jupyter notebook and this 
platform runs on web browsers. This web-based platform uses 
Python as a programming language. The application of 
“Quantum Minimal Spanning Tree” algorithm is shown in 
Fig. 8. 


ES rata aa a | = comme. | = sumene || 


File Edit View Insert Cell Kernel Widgets Help 


from qiskit import Quai 


from qiskit import Aer. 


Fig. 8. IBM quantum computer programming with jupyter notebook 


This interface has three parts, which are the provider, 
the backend, and the job. “The provider” part accesses 
backends and provides backend objects. The part that runs the 
quantum circuit is the “backend”. “The job” part keeps track 
of submitted job. 


Today's cloud-based smart structures also use this and 
similar infrastructures. 


C. Brief Info on Unity3D Platform 


The purpose of this study is to use Unity3D as a VR 
platform designer for an immersive quantum computer 
programming framework. Unity is a popular 3D game design 
program supporting also 2D design and a developed C# based 
scripting language (23). Although this platform is launched as 
a platform for 2D or 3D game design, it has a structure that 
offers a good educational platform design with its powerful 
tools (24). 


This paper focuses on the use of Unity's 3D design studio 
for VR applications and the realization of the targeted training 
platform in this way. Thus, it is desired to make quantum 
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programming remarkable and entertaining with the use of 
today's modern educational tools. 


HI. QU-VR TOOL 


In this study, we have tried to integrate cloud quantum 
programming with a VR based educational framework called 
QU-VR. In the design, we have taken the Oculus Go VR 
hardware as a reference and we have used Mozilla free VR 
browser API full functioning Android plugin based on the 
GeckoView browser engine. Oculus Go controller and free 
keyboard support have been embedded externally into 
developed VR browser as shown in Figure 9. 


Rhett Ue ees we K Ome Sone 


Fig. 9. 3D views from free QU-VR platform and Unity workshop 


It is possible to use both drag and drop quantum gates with 
Oculus Go Teleporter on the quantum composer and write 
program code with virtual keyboard. In this way, users can 
program using both the teleporter and the virtual keyboard 
tool, as well as use the quantum programming teaching help 
tools available in the 3D environment as shown in Figure 10. 


https://quantum-computing ibm.com/ € CO 


IBM Quantum Ex. x 


Fig. 10. Drag and drop application via the virtual browser 


There are some quantum gates used in the IBM quantum 
composer in the 3D environment to provide help with what 
purpose it is used for. User clicks on these gate symbols with 
teleporter of VR set and access to a detailed help wizard. 


This browser engine relies on the OVROverlay from 
Oculus to render frames generated in an Android plugin onto 
a Unity3D texture. It uses a Java plugin that renders an 


Android WebView to a Bitmap by overriding the view's Draw 
method, converts that to a png, and passes it to a unity 
RawImage. The png files are passed to a unity Rawlmage and 
a webview is produced from this raw image by C# code at 
Unity side. 


As a hardware with IoT structure, Qiskit Backends can be 
controlled smartly, independent of the environment, with this 
study performed over Oculus Go. 


IV. CONCLUSION 


In this paper, we presented the features of the tool called 
QU-VR. This tool allows the user to surf in the IBM quantum 
web composer by Oculus VR headset. It also allows the user 
to access the help tool about quantum gates very flexibly. This 
tool is expected to facilitate and make it enjoyable to program 
quantum computers. 


It is obvious that today, with decreasing error rates, 
quantum computers will be used more effectively day by day 
and they can provide computational advantages beyond 
standard quantum algorithms (25). Therefore, the studies that 
will raise awareness on the programming of quantum 
computers should be emphasized and awareness should be 
raised on the new generation. By using the advantage of the 
3D design environment, we tried to contribute to this process. 
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